Excoecaria factor 0 1 -the daphnane type polyfunctional diterpene ester 5 /S-hydroxy-6 a,7 a-epoxyresiniferonol-9,13,14-orf/i0-(2,4,6-decatrienoate) -may be obtained in reason able amounts from the latex of Excoecaria oppositifolia from South East Asia. 0 1 was par tially hydrogenated with H2-Pd/C to yield, by saturation of the three double bonds in the orthoester, and of J 1516 in the diterpene moiety, the new 15,16-dihydro derivative of simple xin. The latter is the well known daphnane prototype of polyfunctional diterpene esters occurring in Euphorbiaceae and Thymelaeaceae. 15,16-Dihydrosimplexin (DHS) showed pro nounced irritant and tumor promoting activities. By analogous hydrogenation of 0 1 with a mixture of 1H2/3H2 a selectively labeled [3H]DHS was obtained that exhibited a particularly high specific activity of 30 Ci/mmole. Thus it is considered most appropriate for use to study the toxicokinetics and -dynamics of daphnane type diterpene esters. To device an alternative of 3H-labeling of DHS or simplexin (SIM) in position 20 of the diterpene moiety DHS-5-benzoate was oxidized by pyridinium chlorochromate. The resultant 20-aldehyde was reduced by sodium borohydride to reconstitute DHS-5-benzoate and, after deprotection, DHS. This route appears appropriate to prepare similarly [20-3H] 
Introduction

M any of the D T E occurring in
istics [3, 4] their toxicokinetics and -dynamics in target tissues may be studied. Due to the bioactivi ty of DTE even at low doses, such investigations re quire radioactively labeled DTE. By tritium label ing of the diterpene moieties of the tigliane and ingenane structural prototypes TPA and 3-TI, re spectively, so far 12-0-tetradecanoyl- [20-3H] phorbol-13-acetate( [20-3H] TPA) [5] and 3-O-tetradecanoyl- [20-3H] ingenol ( [20-3H] 3-TI) [6] were synthe sized. They proved most useful in m etabolic studies [e.g. 7, 8] . For tritium labeling of the chemically highly sensitive 12-0-retinoylphorbol-13-acetate (RPA) to yield [20-3H] RPA a sophisticated variant of this approach was developed [9] . To label phorbol-12,13-diesters in their ester groups alternative methods are available [5] .
For the third structural prototype DTE, the daphnane derived simplexin (SIM) (Pimelea factor S 8 [10] ) from Pimelea simplex [10, 11] , appropriate approaches of radioactive labeling are missing so far. On the other hand studies of the toxicokinetics and -dynamics of SIM would be of particular inte rest because of its typical orthoester structure (Fig. 1) . It is rather unique in natural compounds and also as an entity of metabolism of foreign com pounds in mammals. For labeling analogous to the procedures devised previously for TPA and 3-TI sufficient am ounts of SIM must be available as start ing m aterial. A t least temporarily this was not the case. Yet, from studies of the latex of Excoecaria oppositifolia [12, 13] the Excoecaria factor 0 1 ( Fig. 1 ) was availabale in reasonable amounts. 0 1 is a structural analogue of SIM differing from it solely by 2,4,6-unsaturation in its 9,13,14-orthoester function (see Fig. 1 )*. Thus, by selective hydroge nation of 0 1 in the unsaturated orthoester group SIM may be obtained. Since one molecule of 0 1 can take up in its ester group six atoms of hydrogen this route would allow to prepare tritium labeled SIM of high specific activity. In view of the problem of metabolic stability of the (labeled) orthoester group it appeared appropriate to devise, in addi tion, an alternative route for tritium labeling in the 20-position of SIM.
Results
O f the latex of Excoecaria oppositifolia an ethyl acetate fraction was prepared (procedures accord * The structure introduced in the literature [12] as Excoecaria factor 0 1 erroneously was called "factor OP2" in loc. cit. [2] .
ing to [12, 13] ) containing about 25% by weight of a mixture of 20-esters of O l . A fter alkaline transesterification (to remove selectively the 20-ester groups) 0 1 was isolated by large scale H PLC to avoid possible losses of the sensitive [12, 13] conju gated triene 0 1. 
Bioactivities o f DHS
To use the easily accessible DHS as a substitute for SIM in biological studies, DHS was evaluated in terms of irritant and tum or promoting activities: As skin irritant com pared to SIM DHS is about 1/10 as active (Table I) .
DHS is as active as 0 1 or daphnetoxin (structure: see Fig. 1 ) from Daphne mezereum. Huratoxin (structure: see Fig. 1 , from H ura crepitans), Ti8 (from Euphorbia tirucalli) and TPA are about six times more active than DHS. The tumor promoting activity of DHS was assayed in the standard initia tion/promotion protocol 16 by collective (Fig. 3 a) and individual ( Fig. 3 b) readings of the results as compared to SIM and TPA. A fter 24 weeks of stan dard exposure to doses dp of DHS rtpp24 (Table II) -a synopsis of the tum or rates Tr and the tum or yields Ty -classifies (see also [14] ) DHS and SIM by +++ in contrast to TPA with ++++. The cumu lative tum or incidences F (corrected by "Kaplan-M eier estim ates" of individual readings and adapt ed by the Weibull function) are presented in Fig. 3 b. The median latency times t50 calculated [14, 15] are shown in Table II. A t the same level of dp (20 nmole) the t50 of DHS is by a factor of about two shorter than that of SIM. The equipotent doses of TPA (deTPA) are calculated according to [15] . A t dp = 20 nmole they show a difference of 6.9 nmole between DHS and SIM. On the whole, DHS can be regarded as a strong tum or prom oter, however less active than TPA.
Tritium labeling o f DHS
Since in biological studies DHS turned out to be a satisfactory substitute for SIM, 0 1 was subjected to an analogous (as described above) catalytic hy drogenation using a mixture of 1H 2/3H 2. A fter puri fication by HPLC a [3H]DHS (see: Abbreviations) with particular high specific activity (71.4 Ci/mmole) was obtained. Structural evidence of the radioactive DHS was deduced from identical TLC and HPLC behaviour as compared to cold DHS and from the analogous way of preparation.
Route to tritiate DHS in position 20
To label alternatively DHS with 3H at C-20 a route similar to that established for 20-3H-labeling of TPA, RPA and 3-TI (see Introduction) was follow ed, i.e. the 20-CH2O H function of DHS is oxidized to the corresponding aldehyde, subsequent reduc tion by [3H]NaBH4 yields [20-3H] DHS. The oxida tion step was thought to be more difficult in case of DHS as compared to the previous cases: i. DHS car ries a 5 ß-OH group constituting an 1,2,4-triol struc tural element (as 3-TI), ii. the 20-OH of DHS is nonallylic (in contrast to the D TE m entioned). N ever theless it was tried to subject DHS to an oxidation by M n 0 2 that worked very well in case of prepara tion of radioactive TPA, R PA or 3-TI. However, DHS was not attacked by M n 0 2. Pyridinium chlorochromate was thought to be a promising reagent to perform the necessary structural transform ation. To circumvent difficulties (regarding selectivity) DHS-5-benzoate (3) was chosen as a starting m ate rial instead of DHS. (4) 
Discussion
The daphnane type D TE derived from the tri cyclic polyfunctional parent alcohol resiniferonol with their characteristic 9,13,14-orthoester func tions, e.g. their structural prototype SIM, are a par ticularly interesting group of bioactive DTE. □: SIM, dp = 50 nmole. ▲: TPA, 5 nmole. +: TPA, dp = 10 nmole, a) collec tive reading: tumor rates Tr and tumor yields Ty for calcu lation of relative tumor pro moting potency (rtpp24), see Table II and loc. cit. [20] . b) in dividual reading: cumulative tumor incidences F(t) to de termine median latency times t50, see Table II and loc. cit. [14, 15] , W hen the present investigation was planned, plant materials appropriate to isolate SIM in amounts sufficient for preparative use could not be m ade available. On the other hand by independent investigations on the bioactive principles of Excoecaria species, from the latex of E. oppositifolia, a new irritant Excoecaria factor 0 1 -the 9,13,14-0rt/io-(2,4,6-decatrienoate) of 5/?-hydroxy-6a,7a-epoxyresiniferonol (i.e. 0 1 is structurally closely related to SIM, see Fig. 1 ) -was isolated [12, 13] in reasonable amounts. By catalytic hydrogenation of 0 1 the new 15,16-dihydroSIM (DHS) instead of SIM was obtained in good yields. D espite the lack of the 13-/sopropenyl group in DHS as com pared to SIM, it was expected that in terms of bioactivities the new D TE would be an acceptable substitute for SIM; e.g. in m etabolic biochemical studies. Indeed DHS was considerably active as skin irritant and tum or prom oter. Hence a selectively labeled [3H]DHS was prepared by catalytic tritiation using a mixture of 1H 2/3H 2 to yield the D TE labeled in the diterpene and in the ester moiety. As a satisfactory substitute for labeled SIM it was used for toxicokinetic and -dynamic investigations [2] .
Experimental
H PLC methods
Large scale H PLC was carried out with a Dupont 830 chrom atograph from D upont, Bad Nauheim, Germany, using a 250 X 16 mm Nucleosil 50 (S i0 2, 7 /mi; Macherey-Nagel, D üren, Germ any) column prepared by Knauer, Bad Homburg, Germany. HPLC of the [3H]D HS was perform ed with a D 450 (analytical) chrom atograph from Kontron, M ün chen, Germany, using a radioactivity detector LB 507 A from Berthold, Wildbad, Germ any and a column (250 X 4.6 mm), prepared with Zorbax sil (S i0 2, 7 /*m) by Knauer.
Spectroscopy
Mass spectra (MS) were obtained with a Finnigan M AT 711 spectrom eter from Varian MAT, Bremen, Germany. *H NM R spectra (NMR) were m easured with a HX 90 spectrom eter from B ruker Physik AG, Karlsruhe, Germ any, using CDC13 as solvent and tetram ethylsilane as internal standard (<5 = 0.00).
Diterpene esters
SIM was isolated [2] from roots of Gnidia kraussiana Meissn. essentially along an available pre scription [22] . 0 1 (compare [13] ): A n ethyl acetate fraction of latex of Excoecaria oppositifolia was prepared. 16.5 g of this fraction and 80 g of silanized silica gel (RP-2, Merck) were suspended in ether and the sol vent was evaporated. The loaded silica gel was put into a glass sintered funnel, wetted and then slowly washed with 4 L of m ethanol/water 9/1 (using slight vacuum). The filtrate was discarded. Desorption of the diterpene ester fraction was carried out with 1 L of acetone. A fter rotary evaporation of the volatiles a yellow viscous oil resulted (12.0 g, containing a mixture of different 20-esters of 0 1). This oil was diluted with 60 ml of CH2C12 and then 30 ml of 0.5 M N aO CH 3/C H 3O H was added. A fter 1.5 h work-up was done according to procedure A (see below). The resinous residue was dissolved in 2 ml of CH2C12. 
Work-up (procedure A)
Excess phosphate buffer (pH 7.5) was added and stirred for a time. Subsequently the mixture was ex tracted with ethyl acetate which was dried (Na2S 0 4) and finally removed in a rotary evaporator.
Work-up (procedure B)
The same as procedure A, except that the ethyl acetate was washed with diluted acid (approx. 1 M HC1), and thereafter with phosphate buffer. 
PH ] DHS from O l
The procedure was carried out by Am ersham Buchler, Braunschweig, Germany, in an analogous m anner as the hydrogenation to prepare cold DHS (preceding section): 3 mg of 10% PD/C was intro duced in a flask and purged with N2. 50 /d of ethyl acetate was added through a septum. A fter activa tion of the catalyst by JH 2 3 mg of 0 1 (0.006 mmole), dissolved in 200 [A of ethyl acetate, was slowly added through the septum and hydro genation with a mixture of 1H 2/3H 2 1/7 (specific activity: 30 Ci/mmole) was started. A fter 30 min the reaction was stopped by purging with N2. The reac tion mixture was suspended in 30 ml of ethyl ace tate and filtered through celite. A fter evaporation the dry residue was dissolved in 0. Table III .
DHS-5-benzoate-20-tritylether (2)
120 mg of DHS-20-tritylether (1, 0.15 mmole) was treated with 211 mg of benzoyl chloride (1.5 mmole) in 0.9 ml of pyridine for 24 h. After work up (procedure B) and TLC in cyclohexane/acetone 1/1117 mg (0.13 mmole, 87%) of 2 was obtained. MS and NMR: Relevant data can be taken from Table III . Table III .
DHS-5-benzoate
DHS-5-benzoate-20-aldehyde (5)
30 mg (0.05 mmole) of DHS-5-benzoate (3) was stirred with 18 mg of pyridinium chlorochromate (0.017 mmole) in 0.6 ml of dry CH2C12 for 4 h. The mixture was diluted with ether and filtered through celite. A fter washing with 10 ml of ether the com bined filtrates were evaporated. By TLC in cyclo hexane/acetone 2/1 25 mg (0.04 mmole, 71%) of 5 was obtained. MS and NMR: Relevant data can be taken from Table III .
DHS-5-benzoate (3) by reduction o f 5
15 mg (0.02 mmole) of 5 was dissolved in 0.5 ml of ethanol. A solution of 1 mg of NaBH4 (0.03 mmole) in 0.5 ml of ethanol was added. The reaction mixture was stirred for 5 min. A fter work up (procedure A) TLC in cyclohexane/acetone 2/1 yielded 9 mg (0.01 mmole, 61%) of 3. The MS and NMR spectra were identical with those of 3 obtain ed following the detritylation route (above).
DHS by transesterification o f 3
10 mg (0.010 mmole) of DHS-5-benzoate (3) was treated with 0.4 ml of N aO CH 3/C H 3OH (0.05 M) for 6 h. Work-up (procedure A) and TLC in cyclo hexane/acetone 2/1 afforded 7 mg (0.010 mmole, 73%) of DHS. The MS and NM R spectra were iden tical with those of DHS obtained by hydrogenation o f O l (above).
Irritant activity
The irritant activity was determ ined by the stan dard procedure [18] 
Tumor promoting activity
D eterm ined in the standard initiation/promoting protocol 16 [14] on the back skin of NM RI mice. Results read collectively in terms of tum or rates Tr (% tum or bearers in survivors) and tum or yields Ty (total tumors/survivors) (Fig. 3 a) and evaluated with regard to rtpp24 ( [20] , Table II ). Results read individually as cumulative tum or incidences F were corrected by Kaplan-M eier estimates and plotted against the weeks of exposure (Fig. 3 b) . Median latency times t50 as taken from the plots were cal culated as described [14, 15] . 
